CHEMICALS, SUBSTRATES, AND REAGENTS These were purchased from either the Sigma Chemical Company or British Drug Houses Ltd, both of Poole, Dorset, and were of analytical reagent grade.
genates, or after short storage at -20 o e, the enzyme was observed to be relatively heat-stable.
However, it could be transformed into a heat-labile form by treatment with thiol compounds or the proteolytic enzymes trypsin and papain. This process was not necessarily accompanied by solubilisation of the enzyme from the particulate fraction of the homogenate. The addition of I mmol/l glutathione during the heating step completely protected the enzyme against heat inactivation in either the relatively heat-stable form or the heat-labile form produced as a result of prior treatment with enzymes or thiol reagent. The observation that glutathione concentrations lower than the apparent K m for glutathione as a substrate fully protect the enzyme against heat inactivation suggests that the enzyme contains a second binding site for glutathione. This second site would be of higher affinity for glutathione than the substrate-binding site but would not itself participate in the enzyme reaction.
.
The enzyme y-glutamyltransferase (GGT) is located on the externally orientated surface of the brush border membrane of the renal proximal tubule.' The purified enzyme contains two subunits of different molecular weight.f The smaller subunit contains the active site," while the larger subunit is involved in binding the enzyme to the brush border mernbrane.s The enzyme may appear in elevated quantities in the urine under certain pathological conditions and has been proposed as an index of the severity of renal tubular pathology." The loss of enzyme from the renal tubule membrane may involve the action of proteolytic enzymes, treatment with papain being described as a suitable method for solubilising the Material and methods enzyme during purification." It is evident that different methods of treatment of kidney homogenates used to solubilise the enzyme for purification may influence the properties of the final enzyme preparation. Thus enzyme solubilised by Triton X-1OO from rat kidney shows different electrophoretic and molecular weight characteristics from that solubilised using papain." Furthermore, the PREPARATION OF KIDNEY HOMOGENATES solubilised enzyme observed in urine has an appar-Human kidney tissue was obtained from necropsies, ently unpredictable instability, which complicates conducted on cases of accidental or traumatic death, storage and assay of the enzyme in pathological less than 24 hours post mortem. Kidney tissue was samples. 7 Accordingly, in this study we have homogenised at 20% w/v in 5mM Tris buffer, ASSAY OF GGT GGT activity was measured using L-y-glutamyl-4nitroanilide (glu-4-NA) as a substrate, as described in Sigma Technical Bulletin 415. The reaction contained, in a final volume of 1 ml, 4· 66 mM glu-4-NA, 40 mM glycylglycine, and 0·2 M 2aminopropanediol (AMPD), pH 8·6. The reaction was started by the addition of O·1 ml enzyme sample. The progress of the reaction was followed as the change in absorbance at 405 nm. An unthermostatted Unicam SP-1800 recording spectrophotometer was used in the experiments. An activity correction from room temperature to 25°C was made according to the Sigma Technical Bulletin 415. This method uses a non-standard enzyme activity unit (nmol as against fJomol substrate). However, throughout this paper we have calculated percentages of zero time or total activity, and none of the values presented represents an absolute measurement of the enzyme activity.
HEAT INACTIVATION STUDIES
The kidney homogenate or the solubilised GGT preparation was diluted X 100 in 0·2 M AMPD, pH 8· 6, prewarmed to 56°C with or without the addition of specified reagents. The enzyme preparation was then placed in a water-bath at 56°C, and aliquots were removed at appropriate times and transferred to the ice-bath for storage until assayed (less than 2 hours maximum storage time).
competitive inhibition was determined from a direct linear plot. 81t can be shown (Futerman, unpublished) that this constant approximates to K m for GSH as a substrate, thus providing a measure of the affinity of GGT for its natural substrate. A similar approach has been used in a comparative study of GGT from liver and kidney,"
Results
The data of Table 1 indicate that GGT is only moderately heat-sensitive in homogenates of kidney but may be completely protected from heat inactivation by addition of the natural substrate GSH or the substrate analogue S-methyl glutathione. Glu-4-NA does not appear to be as effective as a stabilising agent. Furthermore, the heat sensitivity of the enzyme in the homogenate appears to be influenced by pretreatment of the homogenate with a variety of agents, thus ( rros ± 9 (5) nos ± 8 (5) No additives 60 ± 23 (47)°4 ± 6 (9) 49 ± 12 (6) 43 ± 20 (7) Control samples AMPD buffer containing no addition or 2 rngjrnl purified trypsin or papain. Tubes were thoroughly mixed and left to stand for 2 hours at room temperature with occasional mixing and were then transferred to the ice-bath before investigation of heat sensitivity. When the effects of the proteolytic enzymes and solubilising agents were investigated the samples were spun at 30 000 g for 20 minutes and the enzyme activity present in both the supernatant and particulate fraction, reconstituted to the original sample volume in 0·2 M AMPD, pH 8'6, was assayed. Table 3 Transformation of GGT from heat-stable to heat-sensitive forms by treatment with trypsin and papain substrate glutathione protects against the heat denaturation. It is not clear how this transformation is brought about since the thiol compounds and the trypsin and papain presumably act at different points In the enzyme structure, and the transformation is not necessarily associated with solubilisation of the enzyme from its membrane environment. P~~tection of GGT against heat denaturation by ad~ItJon of~~H has been reported previously," ThIS study utilised GGT from human liver, and GSH was added at 20mM. Our study demonstrates that complete protection against heat denaturation of the kidney enzyme is obtained at lIIlM GSH. This would suggest that whatever binding site is involved in the stabilisation process it is saturated with GSH at lIIlM. This is a much lower concentration than the apparent K, for GSH as a competitive inhibitor of activity against Glu-4-NA, which we observe to be 2· 6 ± O'4IIlM. Hence these data suggest the presence of a second site, binding GSH on the enzyme molecule, of higher affinity for GSH than the substrate binding site, involved in stabilising the enzyme against denaturation, but not participating in the enzymic reaction. The presence of a second but latent, active site on the enzyme has been inferred from labelIing studies of the enzyme with the affinity labelri-diazo-S-oxo-norleucine.w It is possible that this second site and the possible high affinity site involved in enzyme statilisation are the same site.
No treatment Trypsin-treatment Papain-treatment

Discussion
From the point of view of assay of the enzyme in pathological samples of body fluids, the data suggest that where the release of GGT from its membrane environment involves proteolysis, then the solubilised enzyme is likely to be unstable. Urinary GGT is easily inactivated by freezing," probably by the high concentrations of urea produced in the liquid phase during the freezing process. This effect is not protected against by addition of GSH to urine before freezing (Futerman and Shakespeare, unpublished). However, it does seem likely that addition of GSH at ImM and storage of urine unfrozen would be useful in attempting to ensure retention of GGT activity in urine before assay. This proposition assumes that inactivation at 4°C is by a process similar to that which occurs at 56°C. Evidently GGT is a complex enzyme which may well present in a variety of forms with different characteristics according to its primary source and its mode of release into the pathological sample. Studies such as we describe here may prove helpful in the investigation of the characteristics and diagnostic usefulness of tfiis interesting enzyme.
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The conditions of the experiments (numbers in parentheses) were as described in the Material and methods section. Results are expressed as the % of the total GGT activity in each fraction. For these experiments kidney homogenate was stored at -2QOC for less than three weeks after preparation and was not refrozen after the initial thawing. This procedure was adopted since very long periods of storage appeared to increase the heat-lability of the enzyme.
extremely heat-sensitive form could also be affected by prior treatment of the homogenate with the proteolytic enzymes trypsin or papain (Table 3) . After treatment of the homogenate with either of these enzymes GGT activity was observed to be very sensitive to heat inactivation. Again this effect could be protected against by the presence of GSH during the heat inactivation step (Table 3) . It was also noted that the transformation from the moderately heatstable to heat-sensitive form was not necessarily accompanied by solubilisation of the enzyme from the particulate fraction of the homogenate. Table 4 shows that the enzyme is not solubilised to a significant extent by trypsin but is partly solubilised by papain under these conditions, although both enzymes cause the heat-stable to heat-sensitive transformation. A determination of the apparent Ki for glutathione as an inhibitor of Glu-4-NA transfer by the enzyme preparation showed this constant to have a value of 2·6 ± 0·4 Mm (six determinations).
This did not appear to be affected by treatment with proteolytic enzymes.
The results presented indicate that the sensitivity of GGT to heat denaturation can be increased by a variety of treatments, particularly by treatment with mercaptoethanol and proteolytic enzymes. Both treatments transform the enzyme into an extremely heat-sensitive form, but addition of the natural
